were investigated in nuclei of human spermatids and spermatozoa by means of immunoelectron microscopy. A specific polyclonal antibody against a synthetic peptide overlapping the N-terminus of HPI 1 and HPL was prepared and used to detect these proteins on sections of testis and ejaculated sperm. A quantitative analysis of labelling density was performed on micrographs using an interactive image analysis system. The first signs of labelling of intermediate basic proteins appeared in spermatid nuclei at steps 4-5 of spermiogenesis, i.e. during the chromatin condensation process. The nuclear labelling density strongly increased in elongating spermatids (steps 5 and 6) and then sharply decreased from step 6 to step 8 [21] . In man, histone-to-protamine replacement occurs at the beginning of the spermatid maturation phase [22] . Human [3, 4, 10, 13, 20] .
Protamines P j and P Z appear in human spermatid nuclei at steps 4-5 of spermiogenesis. [17, 18, 22] . However, it can be inferred from biochemical findings in the mouse [6, 9, 12, 33] and the description of genomic sequences of both protamine genes in man [10, 11] 
Electrophoresis and immunoblotting
The specificity of the antibody was assessed by western blotting of basic nuclear proteins extracted from human sperm nuclei as reported previously [13] . Total and a few gold particles were still present in the nuclei of mature spermatids (figure 6) and ejaculated spermatozoa (figure 7). Comparatively, a strong labelling of ejaculated sperm nuclei was obtained with the anti-P Z 2 protamine family antibody (figure 8) while the immunolabelling with the anti-HD3 antibody was not modified after chromatin decondensation by SDS-EDTA treatment (figure 9). The nucleus and the cytoplasm of spermatogonia and spermatocytes as well as of testicular somatic cells were all unlabelled. Control grids incubated with preimmune serum or in the absence of the primary antibody did not show any labelling (data not shown).
The pattern of nuclear labelling at the different steps of spermiogenesis is shown in figure 10 . No significant differences were found between the mean grain counts obtained from each subject. The differences in the number of gold particles per nucleus area were statistically significant between the different steps of spermiogenesis (P < 0.001 ). [15, 31] . However, mouse protamine P 2 ( M P 2 ; 63 residues) is derived from a precursor form, pmP 2 (106 residues), whereas mouse protamine P, is synthesized as a mature protamine [33] . In the later steps of spermiogenesis, the N-terminal part of pmP! 2 is processed by limited proteolysis generating a series of polypeptides (pmP2/5, pmP2/1 l, pmP2/16, pmP2/20, pmP2/26 and pmP2/32) which differ in the length of their N-terminal extension [6, 12] . With the exception of the largest precursors, pmP 2 2 and pmP2/5, the intermediates of proteolysis generated from pmP2 inside spermatid ' nuclei persist in mature sperm [9] . P Z protamines from mouse (mP 2 ) and man (HP 2 , HP 3 , HP 4 ), as well as pmP 2 and the intermediate basic protein HPI 1 , share strong structural homology [4, 7] . In humans, a unique start codon (ATG) which is localized 110 nucleotides downstream from the transcription initiation site has been determined from the nucleotide sequence of the P Z gene [11] . Therefore, all proteins related to human P 2 protamines must arise from HPI ) which can be considered as their common precur- [22] . We previously showed that monoclonal antibody hBNP 1 2 C 3 and another monoclonal antibody recognizing the P 2 protamine family (hBNP C 4 p) gave the same results in immunoelectron microscopy [17] . This finding was not surprising, since antigenic sites common to the different protamines had been detected by polyclonal antisera against purified protamine HP j b [23] and by monoclonal antibodies [27] .
Elsewhere, on western blots of human intermediate basic proteins separated by acidurea gel electrophoresis, both hBNP 1 2 C 3 and hBNP C 4P cross-reacted with the four proteins HPI t , HP1 2 , HPS I and HPS 2 [17] . [13, [28] [29] [30] .
